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A combination of 1 mg 1-1 benzyladenine and 0.1 mg 1-1 naphthaleneacetic acid brought about extensive 
adventitious bud formation on Lachenalia leaf explants. The plant material itself did not contain detectable 
levels of endogenous cytokinins either prior to or during in vitro culture. The benzyladenine applied to the leaf 
explants was taken up and rapidly metabolized. The major metabolite was biologically active and co-
chromatographed with ribosylbenzyladenine. With time, a second unknown biologically active metabolite was 
formed. Very little of the applied benzyladenine was converted to glucosides. 
'n Kombinasie van 1 mg 1-1 bensieladenien en 0.1 mg 1-1 naftaleenasynsuur het goeie adventiewe 
knopontwikkeling op Lachenalia blaareksplante teweeg gebring. Die plantmateriaal het beide voor of 
gedurende in vitro-kultuur nie waarneembare hoeveelhede natuurlike sitokiniene bevat nie. Die aangewende 
bensieladenien is opgeneem en vinnig gemetaboliseer deur die eksplante. Die hoof metaboliese produk was 
biologies aktief en het dieselfde chromatografiese karaktertrekke as ribosielbensieladenien gehad. Mettertyd 
is 'n tweede onbekende biologies aktiewe metaboliet gevorm. Baie min van die aangewende bensieladenien 
is tot glukosiede omgeskakel. 
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Introduction 
Leaf explants of different Lachenalia hybrids show 
considerable variation in their ability to form adventitious 
buds in vitro. While this process is stimulated by BA and 
NAA (see footnote) application, these growth regulators 
cannot substitute for the regeneration potential of the 
hybrids (Niederwieser & Van Staden 1990). Adventitious 
bud formation was optimal with 1 mg rl BA (Niederwieser 
& Van Staden 1992), particularly in cultivar 'Romaud' 
(BlO) which yielded a high number of adventitious buds in 
vitro. The leaves of this cultivar yielded low levels of 
endogenous cytokinins and it would appear as if the BA is 
required to rectify this deficiency. While it is well establish-
ed that cytokinins are required for shoot proliferation in 
vitro, little is known about the physiological role of these 
compounds in this process (Biondi et al. 1984, Label et al. 
1988, Blakesley et al. 1991). The aim of this investigation 
was to examine the metabolism of BA following its applica-
tion to in vitro grown explants of Lachenalia. This was in 
the hope of gaining a better understanding of the role of BA 
in adventitious bud formation. 
Materials and Methods 
Leaf tissue from the proximal part of ten leaves of the 
Abbreviations: BA. benzyladenine; BAR, ribosylbenzyladenine; 
BARMP, ribosylbenzyladenine-5-monophosphate; [3G] BA, ben-
zyladenine-3-g1ucoside; [7G] BA, benzyladenine-7-glucoside; 
[9G] BA, benzyladenine-9-glucoside; BM, basal medium; HPLC, 
high-performance liquid chromatography; NAA, naphthalcncacetic 
acid; TLC, thin-layer chromatography. 
Lachenalia cultivar 'Romaud' (BlO) which yielded a high 
number of adventitious buds in the presence of 1 mg rl BA, 
was used in this study. The tissue culture procedures used 
were as described earlier (Niederwieser & Van Staden 
1990). In the first experiments two lots of leaf explants were 
cultured: the first lot on basal medium without cytokinin and 
the second on basal medium with 1 mg r l BA. Plant mate-
rial (20 explants, 5 g fresh weight) was harvested for cyto-
kinin analysis at the time of first culture (control) and again 
7 and 21 days after sterilization and inoculation. In the 
second experiment, leaf explants (40 per treatment) were 
cultured in the presence of 1 mg r l cold BA, or on medium 
containing [8_ 14C] BA (18.5 kBq per 10 ml of medium) 
(Amersham International, specific activity 1.99 MBq 
mmor l ) . These explants were collected after two and seven 
days of culture. Cultures were kept in a growth room under 
continuous light (4.10 f.1mol m-2 S-I at 26 ± 2°C. 
At harvest plant material was removed from the agar, all 
material frozen with liquid N2 and then ground to homogen-
ous powders. The ground material was extracted with 80% 
re-distilled ethanol at 4°C for 24 h. The extracts were then 
filtered, dried in vacuo and each extract resuspended in 500 
f.11 80% HPLC grade methanol. After filtration through a 0.2 
f.1m DynaGard filter and drying, each extract was resus-
pended in 120 f.11 80% methanol and 100 f.1l was injected 
onto a reverse phase column (25 em X 4.6 mm i.d. 5f.1, 
C18, Supelcosil LC-18-DB) and the extracts were fraction-
ated as described by Lee et al. (1985). The flow rate was 1 
ml min-I. Methanol and 0.2M acetic acid buffered to pH 3.5 
with triethylamine were used as solvents (5 - 50% methanol 
over 90 min). Ninety I-ml fractions were collected. In the 
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case of the unlabelled BA experiments these fractions were 
transferred to 25-ml erlenmeyer flasks, dried and assayed for 
cytokinin-like activity using the soybean callus bioassay 
(Miller 1965). Where [8- 14C] BA was used, 300 I-ll from 
each fraction was utilized for scintillation counting. The 
remainder was retained and aliquots subjected to TLC to 
obtain more information about the nature of the cytokinins 
associated with the respective radioactive peaks detected. 
Aliquots of respective fractions were spotted onto Merck 
60F254 silica gel plates, the constituents separated using 
n-butanol: 25% ammonium hydroxide: water (6: 1:2 upper 
phase). After drying, the chromatograms were divided into 
10 Rf fractions, and 1 ml methanol and 4 ml of Opti-fluor 
scintillant were added to each fraction, and then counted for 
radioactivity. Authentic standards were used as markers. 
Results 
As reported earlier (Niederwieser & Van Staden 1990), 
adventitious bud formation was profuse when explants of 
cultivar 'Romaud' were cultured in the presence of 1 mg r 1 
BA and 0.1 mg r1 NAA (Figure 1). No cytokinin-like 
activity was detected in the Lachenalia explant extracts 
before culture or after having been cultured for 7 and 21 
days on a basal medium in the absence of applied cytokinin 
(Figures 2A, 28 & 2D). When BA was applied, three peaks 
of biological activity were detected (Figures 2C & 2E). 
After 7 days, high biological activity was detected and this 
Figure 1 Adventitious bud formation on the adaxial surface of a 
l-cm2 Lachenalia ('Romaud') leaf explant 8 weeks after inocula-
tion onto a medium containing 1 mg r 1 BA and 0.1 mg r 1 NAA. 
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was largely associated with the retention times of BA and 
BAR. A third peak, which yielded lower activity and which 
had a retention time of 81 min, was detected between BA 
and BAR. After 21 days the overall cytokinin-like activity 
detected decreased. At this time the unknown third peak 
(retention time 81 min) gave the greatest biological 
response. 
The 14C-BA was both taken up and metabolized by the 
Lachenalia leaf explants. Greatest recovery of radioactivity 
was, however, after 7 days (Figure 3). At this time most 
radioactivity was associated with a very polar peak with a 
retention time of 4 min. When subjected to TLC, the radio-
activity associated with it was detected in Rf 0.1. This 
radioactivity did not co-chromatograph with adenine. Peaks 
of radioactivity that co-chromatographed with [7G] BA, 
BARMP, BA and BAR were detected as well as an un-
known peak at a retention time of 79 min. This unknown 
peak (79 min) occurred between BA and BAR and is prob-
ably the biologically active metabolite indicated in Figure 2. 
When this radioactive peak was subjected to TLC, most of 
the radioactivity was more polar than BAR. No radioactivity 
coincident with [3G] BAand [9G] BA was detected. 
Discussion 
BA is one of the cytokinins most frequently used for the 
micropropagation of plants. Despite many experiments with 
respect to uptake and metabolism, the quest for a better 
understanding of the exact function(s) of each cytokinin 
derivative remains . From the present results it is clear that 
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Figure 2 Cytokinin-like activity in Lachenalia leaf explants at 
the time of inoculation (A), after 7 days on basal medium (B) or in 
the presence of 1 mg r 1 BA (C), and after 21 days on basal 
medium (D) or in the presence of 1 mg r 1 BA (E). The soybean 
bioassays were grown for 28 days. Bioassays were repeated twice 
and the average results reported in the graphs. 
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Figure 3 Radioactivity detected in Lachenalia leaf explants 2 (.-.) and 7 days (0-0) after the application of [8_14C] BA. Extracts 
were fractionated by HPLC and aliquots of the respective radioactive peaks detected were subsequently subjected to TLC, whereafter the 
different Rf fractions were counted for radioactivity. 
during the formation of adventitious buds on Lachenalia 
leaf explants the applied BA is metabolized rapidly to 
compounds which are biologically active and others which 
are not active. Degradative metabolism to adenine did 
apparently not occur and the major radioactive metabolite 
detected by day 7 was not biologically active. Of the four 
types of glucosylated BA derivatives that can be formed, 
only the 7-glucoside was apparently present, and then only 
in small amounts. BAR and BARMP were formed and the 
former was responsible for a considerable amount of bio-
logical activity. After 7 days the unknown radioactive and 
biologically active peak which occurred between BA and 
BAR following HPLC fractionation was quite prominent. 
On the TLC chromatogram this peak was more polar than 
BAR. Currently its identity remains unknown. It would 
appear to accumulate with time and may well be a deriva-
tive of BAR. Such a compound identified as the 9-ribosyl 
glucoside of benzyl adenine was recently detected during the 
micropropagation of Gerbera (Blakesley et al. 1991). In 
order to establish the relative and/or potential importance of 
the putatively detected metabolites in adventitious bud 
formation of Lachenalia, it is essential that authentic 
derivatives be tested in the micropropagation system. This is 
particularly necessary because BA, BAR and BARMP are 
apparently readily interconverted in plant systems (Dyson et 
al. 1972; Van Staden et al. 1990; Van Staden & Bayley 
1991). Since the radioactivity associated with BA in the 
explants was higher after 7 days of culture, the initial 
formation of BAR and BARMP may well involve mecha-
nisms to 'protect' and ensure a continued supply of BA for 
the morphogenetic response. The implication of this would 
then be that the free base is the active fonn of the cytokinin. 
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